THE CALCULATION OF EXPECTED CASES
In their study of the large-scale epidemics of 1947-50 Benjamin and Logan compared the recorded notifications in each administrative county and county borough with those that would have occurred in each such area or town if it had suffered the average attack rate that had prevailed in all England and Wales. I have followed the same procedure for the earlier years. In each year 1919-1946 I first calculated the attack rate in all England and Wales (notifications/total population), and then in each year separately I applied the attack rate to the mid-year population of each administrative county and each county borough. The observed and "expected" cases in each area I then summed SEPT. 30 into three periods-1919-28, 1929-38, and 1939-46 . Taking the ratio of the observed to the expected cases I can compare these results with those found by Benjamin and Logan. For this purpose I grouped the counties and county boroughs into four groups on the basis of their observed/expected ratios in 1947-50 (regardless of the standard errors and statistical significance of the ratios). The four groups I took are:
(1) Areas with observed cases less than 660% of those expected in (2) ,, , , 6699 % , . . . .
(3) , ,,
100-133 % , .
. . . and (4) ,, ,
,, 134 % or more ,. ..
The observed/expected ratios for these same groups in earlier years are set out in Tables I and 11 . 1947-50 1939-46 1929-38 1919-28 1919-46 1947 -50 1939 -46 1929 -38 1919 -28 1919 It is clear that with the administrative counties (Table I ) the four groups have tended to occupy the same position in each of the four periods of time. Those with relatively low attack rates in the wide-scale epidemics of 1947-50 experienced also, on the average, a relatively low attack rate during the years of 1919-46 when the incidence of the disease in this country was small. To counties with relatively high rates in 1947-50, high rates were no new phenomenon. The same type of picture is revealed by the county boroughs (Table II) but it is certainly less distinct. In terms of correlation ooefficients these associations are shown in Table III . MW~~~~ff 12~N orfol usually, but not always, behave in the same fashion). The most striking characteristics of the distribution are the significantly low ratios of the northern and most of the Welsh counties, and the significantly high ratios of, perhaps, three distinct groups of counties, (a) the East Riding''of Yorkshire, Lincolnshire (Parts of Lindsey and Kesteven), Leicestershire and Rutland, (b) Herefordshire and Shropshire on the Welsh borders and extending into Radnor and, probably, Montgomery, and (c) a long southern belt of counties stretching across the country from Devon, and probably Cornwall, to Essex and Kent. Correlating these ratios for 1919-46 with the corresponding ratios for 1947-50 gives a coefficient of 0 43. In other words there was quite an appreciable degree of similarity in the geographical scatter of poliomyelitis in its days of low incidence in 1919-46 and in its widespread epidemicity in 1947-50.
Can this similarity, these geographical differences, be explained wholly in terms of inaccurate diagnosis or of notification? I would have thought not. For instance, most of the Welsh counties have low rates; yet where they touch the borders of Hereford and Salop cases do not go undetected; the counties of Radnor and Montgomery have distinctly unfavourable experiences. The year-afteryear deficiency in the northern and north-western counties does not prevent repeated, though small, epidemic outbreaks being detected and reported in Westmorland. The little group of counties (Parts of Holland (Lincolnshire), Cambridge, Ely, Peterborough, Northamptonshire, Bedfordshire and Huntingdon) is hemmed in by areas of relatively high incidence to north and south. Yet their observed cases in 1919-46 (366 in total) were 13W% below expectation.
Further contrasts are given numerically in Table IV . That the observations and habits of so many doctors can vary so considerably over so long a span of years in these closely contiguous areas would not seem to be very likely. To seek some other explanation would, therefore, seem justifiable and, possibly, profitable. and Wales). With these criteria I endeavoured to pick out all the most striking epidemic events of these twenty-eight years. In the process many small foci-a dozen cases in a town when two or three would have been expected-were, of course, omitted. Even those selected will very often have had quite low attack rates in relation to the populations at risk but they were distinct epidemics, i.e. in terms of those pre-1947 days of, in this country, low poliomyelitis incidence.
The relevant figures for the county boroughs are given in Table V . It may be noted that of the total 83 boroughs only 20 appear here as having shown a substantial epidemic spread during the twentyeight years and only 12 have had more than one distinct outbreak. On the other hand there are 9 large towns in which poliomyelitis was epidemic three or four times in this quarter of a century, viz. Bristol, Oxford, Sheffield, Plymouth, Kingston-upon-Hull, Cardiff, Portsmouth, Manchester and Birmingham. Is this mere chance or has any special environmental characteristic tended to bring these cities to the forefront? It seems idle to seek the answer in general socio-economic conditions as measured by the proportion of unskilled workers, infant mortality, housing density and so on. Various workers have already failed to discover any such associations (Benjamin and Logan, 1953; Daley and Benjamin, 1948; Hill and Martin, 1949) . There is, however, one possibly relevant feature, namely the large number of ports which appear in the list. Of the total 20 towns, half are ports (including West Ham under the port of London) while of the leading 9 towns with several epidemic experiences 6 are ports (the exceptions are Oxford, Sheffield and Birmingham). It would seem possible, therefore, that in these years of low prevalence in England and Wales quite frequent introductions of the disease were being made from abroad but that these introductions did not succeed in spreading Section of Epidemiology and Preventive Medicine seriously or very far afield. To take two examples: In 1927 there was a particularly severe epidemic in Kingston-upon-Hull-109 cases in a population of 297,000 or a rate of 37 per 100,000 persons. There was some spread to immediately adjacent areas for a rise is shown in the East and West Ridings, in Leeds C.B. and in the Parts of Lindsey in Lincolnshire. The rest of the country appears quite unaffected. Three years later, in 1930, there was an outbreak of the same relative magnitude in Grimsby, 36 cases in a population of 92,000 or a rate of 39 per 100,000. The Parts of Lindsey, Lincolnshire, were also heavily affected but almost entirely on the eastern side of the County and particularly in Cleethorpes UJ.D. and Grimsby R.D. There was a slight spread in Northamptonshire.
The rest of the country appears free. (b) Counties. -Table VI gives similar figures for the Administrative Counties. Of the total 62 areas 19 appear to have had at least one distinct epidemic, 14 have had two or more outbreaks, and 7 1919(29,5); 1921(24,4); 1941(19,9); 1945(29,7) .
Westmorland .. 1922(15,1); 1924(9,1); 1937(9,1); 1940(17,2). Lincs. Lindsey .. 1927(17,5); 1930(61,3); 1938(37, 10); 1942(21,4) .
..
.. 1926(86,33); 1937(55,25); 1939(80,25); 1942(36, 19 have had three, four or five outbreaks during the twenty-eight years under review, viz. Essex, Hampshire, Cornwall, Westmorland, Parts of Lindsey (Lincolnshire), Kent and Somerset. In some of these counties with repeated epidemics it would appear likely that the spread may well have been from the ports referred to in the previous table. Thus in relation to the Parts of Lindsey in Lincolnshire it may be noted that its epidemics took place in the same years as those occurring in Kingston-upon-Hull (1927 ), in Grimsby (1930 and in both these ports (1938) . Only in 1942 does it appear alone with no obvious origin. Similarly, in 1919 and 1921 Plymouth appears in the epidemic list and it is possible that the epidemics in Cornwall emanated from here. 1934, 1938 and 1944 were epidemic years in Hampshire and there were also epidemics in Portsmouth (a very slight one in 1944). These associations in space and time between ports and hinterland are obviously suggestive though unfortunately it must be admitted that no clear distinction can be drawn between cart and horse. In other of these counties, however, there is a further suggestion of introductions from abroad. Thus in 1926 the main brunt of the Essex epidemic fell upon Grays Thurrock, situated upon the Thames. The notifications suggest a subsequent spread to Tilbury U.D. and the adjacent Orsett R.D. Concentrated mainly within a couple of months (July 17 to September 25) Grays Thurrock had some 40 cases in a population of 18,000, or an incidence of 220 per 100,000. In the October of the same year, 1926, the famous Broadstairs epidemic took place'in the County of Kent. It had been preceded in August by small though sharp outbreaks in the urban districts of Sheerness and Queenborough at the mouth of the Thames.
One other point of interest may be noted in Table VI . In spite of the generally low notification rate in the Welsh counties, including Carmarthenshire, this county appears in the list with a pronounced outbreak in 1938. This would suggest again that it is not for lack of recognition of the disease and notification of cases that certain areas normally have favourably low rates of attack.
GEOGRAPHICAL VARIATIONS WrrmIN COUNTIEs
Administrative Counties are, of course, very large areas. In discussing the apparent localization of the disease in epidemic form, it will, therefore, be necessary to look within the county boundaries. This has already been done by Gale and Hargreaves (1953) in a most interesting study of poliomyelitis in the Counties ofDevon and Cornwall over the years 1911 to 1952. They could find no direct evidence of the introduction of infection from other parts of England into these two holiday counties but they did observe a tendency for outbreaks to recur in the same rather ill-defined areas, sometimes at intervals of many years. These areas revealed no common social characteristics to which these recurrences could be attributed. I do not possess the data to allow me to study in similar close and interesting detail the events that have taken place in other counties. I have, however, considered the distribution of notifications in space and time in a few of the counties given in Table VI and I offer these as illustrative. Whenever possible I have also consulted the relevant annual reports of the Medical Officers of Health. With changing local authority boundaries it is not easy to compute and compare the incidence over so long a period of time. The available statistics, too, often differ, though usually slightly, between weekly reports, annual reports and reports of the M.O.H. Often I must offer epidemiological impressions rather than coinpletely accurate statistics.
(a) Westmorland.-The County of Westmorland is particularly interesting for its small but very clear epidemic recurrences set mainly in an area notable for its relative absence of notifications. Here, there was an extremely sharp epidemic prior to the period with which I am concerned. In the report of the County Medical Officer of Health for 1922 it is said that there were outbreaks in 1910 to the seaward of the County-in Barrow-in-Furness in Lancashire, Workington, Maryport and Carlisle in Cumberland. Once again we have a possible importation by sea. In the summer and autumn of the following year, 1911, 51 cases were reported in Westmorland. They fell almost wholly in two areas, the Borough of Kendal with 22 cases and the Rural District of South Westmorland with 27 cases. Eleven years later, 1922, the same strip of South Westmorland Rural District was affected, with 10 cases; of the remaining 5 notifications in that outbreak the Borough of Kendal claimed 4. The Medical Officer of Health reports that there were 3 cases in the village.of Staveley and that in that same village the 1911 outbreak began with 5 cases (Map II).
MAP II.-DIAGRAM OF WESTMORLAND
In 1924 there were three notifications very early in the year (mid-February) from West Westmorland; in the more usual autumn epidemic period 5 cases came from Kendal. In 1937 the localization was wholly different. All 9 notifications came from North Westmorland and there was an associated rise in Penrith over the Cumberland border. On the other hand the epidemic of 1940 returns to the more usual haunts with 2 cases in Kendal and 14 in South Westmorland. 11 of these were notified in one week and were, it is reported, from a privately evacuated school.
MAP III.-DIAGRAM OF LEICESTERSHIRE
In this brief history there are two points of interest. There does appear to have been a very distinct tendency for the disease to be unduly localized in the Southern rural district of the County and in the Borough of Kendal-remembering, at the same time, that these areas contain some half of the population of the County. The second point of interest is the period of these epidemics. In 1922 most of the notifications lay in the weeks ending October 14 to November 18, in 1924 September 27 to November 1, in 1937 September 18 to November 27 and mostly after mid-October, while in 1940 11 of the 14 cases in South Westmorland were reported in the week ending November 9. We do not, of course, know the dates of onset and often notifications are long delayed. But these outbreaks do seem to show, for this country, an unduly late period of the year.
(b) Leicestershire.-Turning to the Midland areas I took for closer study the County of Leicestershire.
Here there have been three epidemics-a major outbreak in 1926 and minor outbreaks in 1935 and 1938. All three reveal a quite distinct and similar localization of cases. They have a concentration in mid-county and in its eastern parts, and an almost entire absence in the west. Thus in 1926 the areas principally affected were the Borough of Loughborough (7 cases The tendency to recurrences in the same localities is not as striking in Berkshire as in Westmorland and Leicestershire but there are some signs that it is there. On the other hand, examination of two further counties, Wiltshire and Hampshire, gave no such suggestion. In both counties the small outbreaks appeared to be widespread and the foci that arose, such as Swindon and Aldershot, did not recur. THE ABSENCE OF EPIDEMICS EN CERTAIN ToWNS AND AREAS Equally striking is the complete lack of epidemics, or even a ripple on the yearly level, in certain large towns and other areas. Examples are given in Fig. 1 boroughs in the Counties of Durham, Lancashire, Cheshire and the West Riding. Between 1919 and 1946 none of these towns shows any epidemic fluctuation. Annually they report no cases at all or only 2 or 3. Yet when the widespread epidemic of 1947-51 appeared they still remained but little affected. In these years each had, as Benjamin and Logan show, a level substantially and significantly below the average for the whole country. Their relative absence of cases between 1919 and 1946 would have rendered them particularly vulnerable, one might have expected, to the widespread infection of 1947. If, on the other hand, the absence of overt cases in the mid-war years implies subclinical infections and the maintenance of a high level of immunization, continuing into the post-1947 period, then the question again arises, why this should be a feature of these towns and not of many other equally densely populated towns in England and Wales? What are the characteristics that differentiate them?
THE AGE INCIDENCE OF ATTACK
At a loss to answer these questions I pass to other aspects of my subject. The changing age distribution of attack during the present century has naturally attracted much attention. There is no doubt that, in this country at least, more older persons are attacked than heretofore. Figures given by Benjamin and Gale (1949) that "unfortunately there is a long period, from 1920 to 1943, for which comprehensive figures for the whole country are not available". While that statement is undoubtedly true I believe that much information, and possibly representative information, on the age distribution in these years could be gleaned from a study of the reports of Medical Officers of Health. I have not made any such general study but I have consulted the local reports for all the areas in which in any given year there has been some epidemic spread. Most of these reports give age particulars of the notifications. Clearly epidemic areas may not be representative and might well have an unusual age incidence; but in fact the figures I have compiled for such county boroughs are not very dissimilar from those given for the whole country in 1912-19 by Benjamin and Gale (see Table VII ). Their figures were 65, 28 and 7%; for half a dozen county boroughs in 1919-23 I have 1919-23 1924-26 1927-30 1931-37 1938 1919-28 1929-37 1938 The areas involved are: County Boroughs: 1919 -23 Bristol, Oxford, Plymouth, Birmingham, Liverpool, Cardiff. 1924 -26 Sheffield, Walsall, Cardiff, Nottingham, Leicester. 1927 -30 Leeds, Kingston-upon-Hull, Liverpool, Bristol, Grimsby. 1931 -37 Sheffield, Liverpool, Kingston-upon-Hull, Wigan, St. Helens, Portsmouth, Exeter, Manchester, Gt. Yarmouth, West Ham. 1938 Ipswich, Swansea, Reading, Grimsby, Bristol, Portsmouth, Kingston-upon-Hull, Cardiff, Oxford. Administrative Counties: 1919 -28 Westmorland, Rutland, Leicester. 1929 -37 Lancashire, Devon, Leicester. 1938 Carmarthen, Leicester.
70, 24 and 6%. The interesting point of the table is the relative lack of change between 1919-23 and 1931-37-possibly a slight increase in the proportion of older persons attacked but certainly very slight. In 1938, when England and Wales experienced its sharpest epidemic up to that time, there was, however, a decided break. A much greater proportion of the notifications fell at school ages and beyond. This change persisted in 1939-46 and in the widespread epidemics of 1947 and subsequently it has become still more marked. Again age changes in the population at risk can play but a small part. Conceivably, however, it might be due merely to the fact that I am considering different groups of county boroughs in these years. I have, therefore,limited the comparisons to four towns which experienced epidemics both in earlier years and in 1938 (see Table VIII ). The same picture still emerges. On the other hand some few figures available from county records reveal a much higher age distribution than that of the towns from 1919 onwards; and they show no such change in 1938 (see Table VII ). Bristol, 1919 , 1921 , 1929 , 1938 . Oxford, 1919 , 1938 . Cardiff, 1923 , 1924 , 1938 . Kingston-upon-Hull, 1927 , 1933 , 1938 A similar time study was made by Benjamin and Gale for the County of London and revealed a significant rise in the average age of attack "after the middle of the 1930s". The change appears, to have started there in 1933-35 but to have become much more pronounced in 1936-38. I would agree with them that it is unlikely that such a movement can be accounted for by increased reporting of abortive cases. In the county boroughs studied here it seems to have been remarkably abrupt. Perhaps the 1938 epidemic was due to a new strain of virus against which the city populations had. acquired no immunity in early life.
SITES OF PARALYSIS
For a few of these epidemics it is also possible to extract the sites of paralysis from the reports of the local Medical Officers of Health. From Cardiff (1923 ( ), Birmingham (1923 , Kingston-upon-Hull (1933) and Manchester (1936) there are 150 such cases of which 74% were children under the age of 5. Between them they had 223 recorded sites of paralysis in upper and lower limbs and a ratio of I upper limb to 3 2 lower limbs. In the children under 5 reported upon by Bradford Hill and Knowelden (1950)-excluding those who had been inoculated within a month of their illnessthe ratio in 424 sites was 1 upper limb to 2-3 lower limbs. The difference between the two ratios might well be due to chance (P is approximately 0 10). In other words there is no significant evidence of a general change in the arm/leg ratio with the greatly increased incidence of inoculations that has. occurred since 1942. The effect of inoculations again appears to be limited to those recently carried out.
SUMMARY AND CONCLUSION Finally, for all these major and minor epidemics in England and Wales between the wars I studied the reports of the Medical Officers of Health (I am indebted to many who sent or lent me these early reports). It seemed just possible that seen en masse and in retrospect at this later date some epidemiological feature might stand out. There was none that I could detect. Many give fascinatingaccounts of these outbreaks but they are, perhaps, more striking in their variety than in their resemblance. Thus I am left with wholly unresolved questions.
If it be true that fresh introductions of poliomyelitis were quite frequently taking place through the ports why was the spread so limited at this time? Some of these epidemics were on no mean scale-for example those in Grimsby and Kingston-upon-Hull. Yet they did not seem to travel far or wide in epidemic form but on the whole to stay in the town and closely adjacent counties. Similarly a county epidemic would often appear to be limited to that county or contiguous areas. This would seem to conform rather to the present conception of the disease as following relatively narrow channels of dissemination through immediate contacts than to the more generally held view of a widely dispersed virus infecting nearly all the people of an area. It might, perhaps, be argued that dissemination was widespread but in a subclinical form. The fact then that the disease appeared clinically and epidemically over a circumscribed area but no less widely but yet subclinically over a more distant area would clearly call for explanation.
Secondly there is the question of the changes in age of incidence. It has long been noted that "infantile paralysis" has ceased to be predominantly infantile (or indeed paralytic). There has been, it has been maintained, a gradual shift to an older age distribution in countries with improving standards of hygiene. The explanation put forward is lack of immunization in childhood with the subsequent exposure to risk of non-immunes at school ages and in adult life. Yet, however that may be, in the towns of England and Wales for which I have been able to offer figures there may also, it seems, have been quite an abrupt change in, or near to, the widespread epidemic of 1938. Did a new strain of virus find lodgment about that date, and are we suffering from yet another in the epidemics since 1947?
Lastly there is the main question from which I set out. Why do certain cities experience repeated outbreaks whereas others report none though they would appear to be no more or no less vulnerable in terms of overcrowding and hygienic standards? Why does the disease tend to reappear in certain localities? If the phenomena of 1947 were due to a new strain of virus one might at least expect it to strike equally at cities whose past experience had been good or ill. Yet in the main it seems to have fallen more heavily upon those areas of England and Wales which had had a similar unfavourable experience of poliomyelitis in 1919-46, less heavily upon those with a favourable history. What are the barriers and facilities offered in these respective areas? The records of the General Register Office can, I suspect, take us no farther and there would seem to be scope for field studies.
